ABSTRACT: From 1995 through 2006, 2577 bottom longline sets were conducted in the western North Atlantic Ocean from ~36°N, 75°W to 26°N, 97°W, an area that encompasses both the coastal waters off the southeastern USA (Atlantic) and the northern Gulf of Mexico (Gulf). Over the course of the study, 335 young-of-the-year (YOY) and 219 juvenile tiger sharks Galeocerdo cuvier were captured. In the Gulf, YOY catch per unit effort (CPUE) was highest from ~88 to 83°W. In the Atlantic, the area of highest YOY CPUE occurred from 31 to 33°N. Distribution of juvenile tiger sharks was more uniform than observed for YOY throughout the range of the study. Annual survival rates of YOY and Age 1+ tiger sharks were estimated to be 51 and 62% in the Gulf and 39 and 27% in the Atlantic. Total instantaneous mortality rates of YOY and Age 1+ tiger sharks were, respectively, estimated to be 0.67 and 0.47 in the Gulf and 0.93 and 1.32 in the Atlantic. In the Atlantic, age-specific natural mortality (M) estimates ranged from 0.12 to 0.50 and from 0.08 to 0.36 for YOY and juvenile tigers sharks, respectively. Estimates of age-specific M were more variable in the Gulf, with values ranging from 0.11 to 0.98 for YOY and from 0.08 to 0.57 for juveniles. In the absence of nursery areas, the production of numerous fast-growing offspring presumably helps the species survive in the face of high total mortality. 
INTRODUCTION
To manage exploited stocks of marine organisms effectively it may be necessary to identify habitats that are occupied by a species of interest during important periods in its life history. As there is likely to be a strong relationship between adult stock size and recruitment (Smith et al. 1998) , elucidating habitats that facilitate the future recruitment of individuals into exploited stocks has become a major research need for fisheries management (NMFS 1999) . Habitats that serve a critical role in the sustainability of a given stock include areas used for mating and growth to maturity.
Due to their relatively slow growth, low fecundity and late age at maturity, some shark species are highly susceptible to overfishing (Smith et al. 1998 , Cortés 2002 . Additionally, many shark species are known to use discrete areas during their life cycle for various purposes, including early growth (Castro 1993) ; however, the locations of these habitats remain largely unknown for most species. It was first noted by Meek (1916) that some species of sharks use specific areas for parturition. Shark nursery areas can be defined as an area where oviposition or parturition occurs and neonates spend the first months to years of their lives (Springer 1967) . When nurseries are located in areas that provide abundant food resources, neonates spend less time at their smallest size, thereby decreasing early mortality rates due to predation (Wourms 1977) . Bass (1978) refined the definition of nursery areas and characterized nurseries as 'primary' or 'secondary', with primary nurseries being where parturition takes place and neonates remain before moving to secondary nurseries where juveniles occur prior to reaching maturity. The areas inhabited by neonate and juvenile sharks were further divided by Branstetter (1990) into protected or unprotected, with the classification depending on the absence or presence of adult conspecifics.
Recently, in a critical review of the shark nursery area concept, Heupel et al. (2007) suggested that the commonly used definition is ambiguous and can lead to the invalid characterization of a given area as a nursery based solely on the presence of young sharks. Heupel et al. (2007) proposed that a nursery should be defined as a discrete area inhabited by young where (1) their abundance is highest relative to other areas, (2) they show strong site fidelity and (3) it is utilized by successive generations. Based on those criteria, Heupel et al. (2007) determined that fewer areas will be considered nurseries and perhaps will be more appropriately referred to as birthing, pupping, or hatching areas.
In the western North Atlantic Ocean, shallow inshore habitats, such as estuaries, bays, grass flats and lagoons, have been identified as nursery and/or pupping areas for many species of carcharhinid sharks such as blacknose Carcharhinus acronotus, spinner C. brevipinna, finetooth C. isodon, bull C. leucas, blacktip C. limbatus, sandbar C. plumbeus and Atlantic sharpnose Rhizoprionodon terraenovae sharks (Castro 1993) . Conversely, it is unknown if there are discrete nurseries or pupping areas for pelagic carcharhinids such as silky C. falciformis and blue Prionace glauca sharks. Anecdotal information suggests that these species give birth in offshore waters (Pratt 1978 , Branstetter 1987 , which do not provide spatial refuge from larger predators and are generally less productive than inshore waters, thus providing fewer prey resources.
A carcharhinid that cannot be readily characterized as coastal or pelagic is the tiger shark Galeocerdo cuvier. Tiger sharks are distributed circumglobally in temperate and tropical marine waters (Compagno 1984) . In the western North Atlantic Ocean, tiger sharks occur in coastal and offshore waters from approximately 40 to 0°N and have been documented to make transoceanic migrations . Natanson et al. (1998) reported that tiger shark nursery areas in the western North Atlantic Ocean occur at approximately 35°N and from 33°45' to 29°20' N along the east coast of the United States, out to a depth of 100 m. Although neonate tiger sharks are frequently caught in the northern Gulf of Mexico, the locations of pupping or nursery areas in this basin have not been identified.
Knowledge pertaining to nursery and/or pupping areas of sharks is essential for accurate and reliable direct estimates of survival. Because of the importance of mortality estimates as a vital rate in population assessments (Cortés 2002) , establishing direct estimates of early mortality should be a major objective of shark population dynamics studies. Direct estimates of early mortality are available only for blacktip sharks (Heupel & Simpfendorfer 2002) and lemon sharks Negaprion brevirostris (Manire & Gruber 1993 , Gruber et al. 2001 , and, since knowledge of pupping and nursery areas is limited for many species, natural mortality (M ) estimates are often estimated using indirect methods. Age-independent indirect methods result in M estimates that are constant across all age classes, while age-dependent indirect methods provide M estimates for each age class (Peterson & Wroblewski 1984 , Chen & Watanabe 1989 . As M has been shown to be highest for young sharks (Manire & Gruber 1993 , Heupel & Simpfendorfer 2002 , age-independent M estimates for juvenile sharks are lower than would be found using direct methods (Heupel & Simpfendorfer 2002) .
The objective of this study was to analyze data collected during fishery independent surveys conducted throughout the coastal waters off the southeastern United States and the northern Gulf of Mexico to (1) investigate spatial trends in abundance of neonate and juvenile tiger sharks, (2) examine potential use of discrete areas as tiger shark nurseries or pupping areas, and (3) provide total mortality (Z ) estimates, which are the combined result of natural and fishing related mortality, for young-of-the-year (YOY) and Age 1+ tiger sharks in the western North Atlantic Ocean.
MATERIALS AND METHODS
From 1995 through 2006, the NOAA Fisheries Service, Southeast Fisheries Science Center, Mississippi Laboratories, conducted bottom longline surveys in the western North Atlantic Ocean. The study area extended from ~36°00' N, 75°00' W to 26°00' N, 97°00' W: an area that encompasses waters off the coast of the southeastern USA (Atlantic) and the northern Gulf of Mexico (Gulf) (Fig. 1 ). Surveys were generally conducted annually in the Gulf and biennially in the Atlantic from August to September. The entire study area was not sampled in all years due to logistical constraints or adverse weather. Bottom longline gear was set at depths ranging from 9 to 183 m in the Atlantic and 9 to 366 m in the Gulf. Locations were randomly selected by stratified-random sampling with proportional allocation. Strata were defined by water depth with stratum size determined by continental shelf area. The sex of each tiger shark captured was recorded, and fork length (FL) and weight were measured to the nearest millimeter and 0.1 kg, respectively. Fork length was measured on a straight line along the axis of the body, from the tip of the snout to the posterior notch of the caudal fin.
Catch per unit effort (CPUE, number per 100 hookhours) was calculated using the following formula:
( 1) where c equals the number of tiger sharks captured, h equals the number of hooks deployed and t equals soak time in minutes. The multipliers of 60 min and 100 hooks were used to standardize CPUE data as number of sharks captured per 100 hook-hours. Number of hooks deployed was held constant at 100 set -1 , and the number of hooks missing upon retrieval was used in the analyses which led to conservative estimates of CPUE. This was done because we had no way of knowing whether the hook was removed from the gangion due to entanglement with the bottom or resulted from an interaction with a captured organism. To examine the distribution of YOY and juvenile tiger sharks throughout the study area, CPUE pooled from all years was calculated for both life stages. The age of each tiger shark captured was determined by backtransforming age from length at capture, using the most current von Bertalanffy growth function (VBGF) parameter estimates (L ∞ = theoretical asymptotic length, k = growth coefficient, t 0 = theoretical age at zero length) from the Gulf ; L ∞ = 388 cm, k = 0.184, t 0 = -1.13 yr) and the Atlantic (Kneebone et al. 2008 ; L ∞ = 361 cm, k = 0.102, t 0 = -2.24 yr). With the exception of YOY tiger sharks, all individuals <1800 mm FL were considered juveniles. We assumed that catchability did not differ between the 2 life stages considered.
The study area was separated into 13 zones for analytical purposes (Fig. 1) . A power analysis was run to determine the minimum number of stations needed in each zone to discern differences among zones. This was accomplished by taking the overall mean CPUE and standard error (SE) for the entire study, assuming these approximated to the population mean CPUE and SE, and varying the sample size (N) until a coefficient of variation (i.e. CV = SE / mean CPUE) of 0.5 was found. With a CV of approximately 0.5, differences between means can usually be discerned at a signifi- cance level (i.e. α) of 0.05. The power analysis indicated a minimum of approximately 115 stations were needed in each zone to discern differences between them, and with the configuration shown in Fig. 1 , all zones except Zone 10 met this criterion. This result also precluded analyses between zones for each year, due to low sample sizes of stations within individual years.
To examine the distribution of tiger sharks by life stage, CPUE values among zones were compared for each age class using a linear mixed model. This was accomplished using a backward step-wise selection methodology based on Type 3 analyses (significance level for variable retention set at α = 0.05) with the MIXED procedure in SAS. The model, which included CPUE as the dependent variable, included geographic zone, station depth, and hook type as descriptor variables, and a year-specific covariance structure that incorporated an exponential, 2-dimensional (with latitude and longitude), spatial covariance structure to account for any spatial autocorrelation. Least-squares mean CPUE values were estimated for each zone, and multiple comparison procedures were performed between zone CPUE values independently for each age class.
After backtransforming age at size, annual survival (S ) and total instantaneous mortality (Z ) were estimated for YOY and Age 1+ tiger sharks using the following equations:
(2) for YOY tiger sharks, and (3) for Age 1+ tiger sharks, where N 0 , N 1 and N 2 equal the number of tiger sharks collected at 0, 1 and 2 yr of age; S 0 and S 1 equal the annual survival of YOY and Age 1+ tiger sharks; and Z 0 and Z 1 equal the total instantaneous mortality of YOY and 1 yr old tiger sharks. These analyses assumed that YOY, Age 1+ and Age 2+ tiger sharks were fully recruited to the gear, Z was constant for each age class, there was no interannual variability in mortality, recruitment was constant among years, there was no size-related gear selectivity for YOY, Age 1+ and Age 2+ size classes and longline sampling included the geographic range of all 3 age classes (i.e. no emigration).
Four indirect age-dependent methods of estimating M of YOY and Age 1+ tiger sharks were utilized and compared to Z estimates derived from catch curve analyses. , is based on weight-at-age data where w is the mean weight of tiger sharks within each age class, t (Peterson & Wroblewski 1984) . Estimates of M were calculated based on both mean wet (PWM ww ) and dry weights (PWM dw ). (2) The Lorenzen method for estimating natural mortality in ocean ecosystems (LM), M w = 3.69W -3.05 , where W is mean weight-at-age, is also based on weight-at-age data (Lorenzen 1996) . Mean wet weight for YOY and Age 1+ tiger sharks was calculated using observed length and weight data collected from the juvenile tiger sharks caught during this study. Mean dry weight was calculated by multiplying the mean wet weight by 0.20 (Cortés 2002) . (3) The Chen and Watanabe method (CWM), which calculates mortality for the immature phases of a species' life cycle, utilizes VBGF parameter estimates to estimate natural mortality (Chen & Watanabe 1989) such that: (4) where k is the theoretical growth constant, and t is age. (4) Region-specific VBGF parameter estimates for combined sexes are those of Kneebone et al. (2008) for the Atlantic and Branstetter et al. (1987) for the Gulf. To estimate fishing mortality (F ), region and age-specific estimates of Z and M were utilized in the following equation: F = Z -M. The commercial catch of tiger sharks in the Atlantic and Gulf during the study period was analyzed by accessing the NMFS annual commercial catch landings database (NMFS 2007) . Because the standard deviations of mean catch were significantly different between the 2 areas, a Kolmogorov-Smirnoff (K-S) test was used to compare distributions. 
RESULTS
Over the course of the study 2577 longline sets were completed, resulting in the capture of 335 YOY and 219 juvenile tiger sharks. Two distinct modes, at 600 and 1000 mm FL in the Atlantic and 700 and 1100 mm FL in the Gulf indicated that YOY and Age 1+ tiger sharks in the Atlantic were smaller than conspecifics in the Gulf (Fig. 2) . Mean (± SD) length was 796.71 ± 188.51 mm FL in the Atlantic and 850.54 ± 220.97 mm FL in the Gulf. Regression analyses indicated that the relationship between length and weight for juvenile tiger sharks was best described by the equation: weight (kg) = [-1.37313 + 0.0044249 × FL (mm)] 2 . Both YOY and juvenile abundances were significantly different among geographic zones and station depths (Type 3 tests for zone: YOY, p < 0.01; juvenile, p < 0.01, and Type 3 tests for station depth: YOY, p = 0.02; juvenile, p = 0.01); however, hook type was not significant (Type 3 tests for hook type: YOY, p = 0.26; juvenile, p = 0.66). Moreover, the multiple comparison procedures performed on least-squares mean CPUE indicated differences among zones for YOY and juveniles (Table 1) . There was no statistical difference among zones in CPUE for YOY tiger sharks in the Gulf of Mexico; however, Zones 6 and 7 had the highest observed CPUE values (Fig. 3, Table 1 ). Zone 12, which extends from 31 to 33°N, had a significantly higher CPUE for YOY tiger sharks than any other zone in the Atlantic (Table 1) . Zone 10 had the lowest CPUE for YOY sharks in the Atlantic and corresponded to the 165 Table 1 . Galeocerdo cuvier. Mean catch per unit effort (CPUE; mean ± SE) (number caught per 100 hook hours) of young-ofthe-year and juvenile tiger sharks by zone (geographic zones shown in Fig. 1 (1998) . Distribution of juvenile tiger sharks was more uniform than observed for YOY throughout the range of the study (Fig. 4, Table 1 ). In the Gulf, CPUE of juveniles did not differ among zones, while in the Atlantic those values were highest in Zones 11, 12 and 13. Annual survival rates of YOY and Age 1+ tiger sharks were estimated to be 51 and 62% in the Gulf and 39 and 27% in the Atlantic. Total instantaneous mortality rates of YOY and Age 1+ tiger sharks were estimated to be 0.67 and 0.47 in the Gulf and 0.93 and 1.32 in the Atlantic. In the Atlantic, age-specific M estimates ranged from 0.12 to 0.50 and 0.08 to 0.36 for YOY and juvenile tigers sharks, respectively ( Table 2) . Estimates of age-specific M were more variable in the Gulf, with values ranging from 0.11 to 0.98 for YOY and 0.08 to 0.57 for juveniles. In all cases, M estimates were lowest using the PWM ww and highest with the CWM.
Within the commercial fishery operating in United States Atlantic and Gulf waters, tiger shark landings were significantly higher in the Atlantic than in the Gulf (K-S statistic = 1.96, p < 0.01). Between 1995 and 2005, yearly tiger shark landings in the Atlantic ranged from 1.0 to 20.7 mt (mean = 7.41, SD = 5.09) and from 0.2 to 1.8 mt in the Gulf (mean = 0.78, SD = 0.53). Table 2 . Galeocerdo cuvier. Mortality estimates for young-ofthe-year (YOY) and Age 1+ tiger sharks off the Atlantic coast of the USA and in the northern Gulf of Mexico. Instantaneous rates of total mortality (Z) and survivorship (S) estimates are from the current study. Estimates of instantaneous rates of natural mortality (M ) were calculated using equations presented by Peterson & Wroblewski (1984) 
DISCUSSION
Tiger sharks in the western North Atlantic Ocean do not use specific areas as nurseries, as defined by Heupel et al. (2007) . It does appear, however, that parturition occurs over a broad range, with areas of high neonate abundance that could be considered important pupping areas. The general pupping area for neonate tiger sharks in the Atlantic extends from at least 27 to 35°N, an area larger than previously reported for that region by Natanson et al. (1998) . While neonates occur throughout this range, the region from 31 to 33°N probably represents the most important pupping area for tiger sharks as indicated by CPUE data; however, as our sampling did not occur in the northernmost portion of the range of tiger sharks in the Atlantic, we cannot discount the presence of an important pupping area in that region. Prior to this study, it was unknown whether a tiger shark pupping area occurred in the Gulf. Neonate tiger sharks occur throughout the basin in waters <100 m, and, based on CPUE data, the 2 areas of highest abundance were between 83 and 88°W and 93 and 95°W.
The locations of highest YOY abundance in the western North Atlantic Ocean are likely to be influenced by areas of high localized productivity. In the Atlantic, the area of highest YOY abundance corresponds to an area of increased productivity, resulting from upwelling associated with the western boundary of the Gulf Stream and the Charleston Bump, which is thought to produce the Charleston Gyre. This gyre contains nutrient-rich water that likely supports increased prey resources (Govoni & Hare 2001) . Similarly, in the eastern Gulf, a bloom of phytoplankton occurs on the West Florida Shelf during winter and spring, resulting from riverine discharge, circulatory patterns of the Loop Current and upwelling of nutrient-rich water from the DeSoto Canyon (Gilbes et al. 1996 , Castillo et al. 2000 . While this bloom can extend southward to the Florida Keys, it originates off Cape San Blas (Zone 7) (Castillo et al. 2000) , where the highest CPUE of YOY tiger sharks occurred in the Gulf (specific locations indicated in Fig. 3) .
Although neonates were distributed throughout the Atlantic and the Gulf, it is possible the primary pupping areas are discrete locations where parturition occurs from where neonates disperse. Sampling in both areas took place approximately 2 mo after the assumed tiger shark parturition period (based on monthly length-frequency data presented by Natanson et al. [1998] for early summer). Since the highest concentration of YOY in the Atlantic occurred at approximately 32°N, the observed distribution of YOY and juveniles would require neonates to disperse up to 550 km in the 2 mo time interval between parturition and our sampling. Similarly, in the Gulf, if the main pupping areas for tiger sharks are centered on 85 and 94°W, the longitudinal distribution of neonates outside of these areas is no greater than 440 km. There is limited data for neonate tiger shark swimming speeds to support these hypothesized movements; however, evidence suggests these sharks are capable of traveling distances > 550 km in a 2 mo period. Off the coast of Hawaii, the average swimming speed of juvenile and adult tiger sharks was experimentally determined to be 3.85 km h -1 (Holland et al. 1999) . Based on the reported swimming speed, and assuming continuous swimming in a straight line and negating energetic demands, it is theoretically possible that juvenile and adult tiger sharks are capable of covering a distance in excess of 5500 km over a 2 mo period; an order of magnitude greater than would be necessary to explain the distribution of neonate tiger sharks we observed.
Juvenile tiger sharks were relatively evenly distributed throughout the study area and were more abundant in the Atlantic than in the Gulf. The areas of highest abundance were in Zones 11 and 13, which are both adjacent to the proposed main pupping area in Zone 12. The distribution of juveniles in the Gulf was relatively uniform. The uniform distribution of juvenile tiger sharks in both regions supports the use of discrete pupping areas within the Atlantic. If parturition of YOY tiger sharks occurs throughout their range in the Atlantic and Gulf, rather than in discrete areas, it is possible they migrate to the areas mentioned above for the purposes of feeding. However, if areas of increased productivity attract YOY, then juveniles would likely be attracted to the same areas. Therefore, as there are no areas of increased juvenile abundance associated with areas of high productivity, it is probable that parturition occurs in the areas where neonates remain until their first large-scale migration.
Instantaneous rates of mortality of YOY and Age 1+ tiger sharks were higher in the Atlantic than in the Gulf. Region-specific differences in the landings by the commercial fishery could largely account for this. Total landings of tiger sharks are higher in the Atlantic than in the Gulf. Furthermore, of the tiger sharks discarded in the commercial fishery, fewer individuals are released alive in the Atlantic than in the Gulf (Hale & Carlson 2007) . A more significant finding is that in the Atlantic, Age 1+ mortality was greater than YOY mortality. The higher mortality rate of Age 1+ tiger sharks could be attributed to higher natural mortality, greater fishing mortality, or emigration that was unaccounted for of Age 1+ sharks out of the survey area. It is probable that predation rates, and thus natural mortality, would decrease as juveniles increase in age and size because of gape limitations of potential predators and the increase in swimming efficiency associated with size (Wourms 1977) . If these hypotheses are applicable to tiger sharks, then high natural mortality of Age 1+ tiger sharks must be in part attributed to the latter 2 causes. The mean size of tiger sharks caught in the directed shark longline fishery operating in the Atlantic and Gulf is 1119 and 1063 mm FL, respectively (Smith et al. 2006 ). These sizes correspond to an age of 1.40 yr in the Atlantic and 1.22 yr in the Gulf (age backtransformed as described earlier). While the size and age of tiger sharks captured in both basins are similar, the lower Z of YOY and Age 1+ tiger sharks in the Gulf could be related to fishing pressure. The commercial fishery operating in the western North Atlantic Ocean frequently captures juvenile tiger sharks; however, until they attain a size of at least 9 kg, they are typically not retained as their meat, skin and fins have little value (R. Hudson, Directed Shark Fisheries, Inc., pers. comm.). Using our length-weight regression for juvenile tiger sharks and backtransforming the resulting value (previously described), the age of a 9 kg tiger shark would be 0.90 yr in the Atlantic and 1.02 yr in the Gulf. Although the mean size and age of tiger sharks landed in both regions are similar, that tiger sharks landings are significantly higher in the Atlantic than in the Gulf could explain the disparity in Z. Emigration of Age 1+ tiger sharks from our survey area could have significantly biased our results and led to inflated estimates of Z in the Atlantic. We are not aware of any age-specific tiger shark tag-recapture data from the western North Atlantic Ocean, and, therefore, cannot quantitatively assess the effects of emigration on our estimates; however, we would expect to observe a similar Z in the Gulf if emigration heavily biased our results. Therefore, because of the significantly higher commercial landings of tiger sharks in the Atlantic, we attribute the higher mortality of Age 1+ tiger sharks in the Atlantic to F. Future research investigating agespecific movement patterns of tiger sharks in the western North Atlantic Ocean will be needed to examine the impacts of emigration on our Z estimates.
Despite the importance of age-specific mortality rates for the purposes of demographic analyses (Cortés 1998) , few direct mortality estimates exist, thus requiring analysts to estimate this parameter. As a result, it is common for a range of indirect mortality estimates to be employed, which can lead to high variability in estimates of rebound potential and recovery period. Direct Z estimates exist for neonates of 2 carcharhinid species and range from 0.43 to 1.01 for lemon sharks (Manire & Gruber 1993 , Gruber et al. 2001 ) and 0.61 to 0.91 for blacktip sharks (Heupel & Simpfendorfer 2002 ) (lower range of lemon shark Z estimate derived from S reported by Gruber et al. [2001] using the algorithm Z = -ln [S ] ). The direct Z estimates for YOY tiger sharks in the present study were within the range of Z estimates reported for neonate lemon and blacktip sharks, with the exception of YOY tiger sharks in the Atlantic, where Z exceeded that for blacktip sharks.
Instantaneous natural mortality rates differed among the 4 methods used for its calculation. Regardless of age class or area, the PWM ww and CWM consistently resulted in the lowest and highest M estimates, respectively. The CWM is based on VBGF parameter estimates and is therefore limited by the accuracy of the growth models used as inputs. How accurately the VBGF parameters of Branstetter et al. (1987) and Kneebone et al. (2008) describe the growth of tiger sharks in the Atlantic and Gulf is unknown; however, they are the most updated growth models for the species within our survey area. The PWM, regardless if being based on wet or dry weight, resulted in lower M estimates. It has been suggested that the PWM accurately defines M over a broad size range of aquatic animals (McGurk 1986 Although the estimates of Z, F and M determined in this study are uncertain, M probably contributes significantly to Z for YOY and Age 1+ tiger sharks. With the exception of blue sharks, tiger shark neonates are smaller relative to maternal size than all other carcharhinids (Cortés 2000) . Small size at birth is associated with high natural mortality due to low predatory efficiency and high predation (Wourms 1977) . Low predatory efficiency of tiger sharks could result from their inefficient swimming motion resulting from their bodies being extremely flexible, and the lower thrust angle of the upper lobe of their caudal fin relative to that of older conspecifics . High natural mortality could also be a result of pupping areas occurring in areas of high predator abundance.
All species within the family Carcharhinidae, with the exception of tiger sharks, are placentally viviparous, including those that have offshore pupping areas. Placental viviparity is generally typified by low reproductive output with neonates being large relative to maternal size (Wourms 1977) . This reproductive strategy maximizes neonate survival through size-related reduction in the number of potential predators and increased predatory efficiency, thus minimizing M. Tiger sharks, however, are aplacentally viviparous; a reproductive mode associated with relatively high fecundity and the production of neonates that are small compared to maternal size. It has been hypothesized that the aplacentally viviparous reproductive mode utilized by tiger sharks is secondarily derived rather than a retention of the ancestral condition. Phylogenetic and molecular analyses of reproductive modes observed among elasmobranchs support this hypothesis (Dulvy & Reynolds 1997 , López et al. 2006 . Furthermore, Compagno (1984) indicated that this condition was likely secondarily derived as placental viviparity is observed in the family Hemigalidae, which is a sister group of the family Carcharhinidae. Therefore, if aplacental viviparity is secondarily derived in tiger sharks, reverting to the ancestral condition could represent a compensatory mechanism to increase cohort strength due to high M.
Because of the relatively low fecundity and late onset of maturation typical of many shark species, management strategies needed to ensure their proliferation must be carefully considered given the high rate of targeted and incidental exploitation of these fishes. Information pertaining to the life-history and population dynamics of most species remains limited (Cortés 2000) and as a result makes their management difficult. Direct estimates of species-specific mortality rates and locations of critical habitats are examples of information needed to facilitate accurate stock assessments and coordinate management measures. To our knowledge, our study is the first to provide direct mortality estimates for tiger sharks and defines pupping areas that should be considered critical habitat for this species in the western North Atlantic Ocean. 
